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L E O P O L D C E N T E R FOR SUSTAINABLE AGRICULTURE 
Fertilizer placement for ridge-till 
and no-till systems 
Abstract: Uncertainty about cost-effective methods of broadcast vs. subsurface fertilizer application and 
soil test interpretation for ridge-till and no-till systems may be a major factor in the slow adoption or 
abandonment of these systems by Iowa farmers. Broadcast fertilizer is cheaper than banding, but seems 
inefficient because fertilizers are not incorporated (no-till) or incorporated too late (ridge-till) for plant 
needs. From a soil and water quality perspective, the lack of incorporation of fertilizers, especially 
phosphorus fertilizer, could hamper system benefits in reducing nutrient losses in water runoff because, 
although reduced, the runoff contains more soluble nutrients. 
Principal Investigator: 
Antonio P. Mallarino 
Agronomy 
Iowa State University 
Budget: 
$18,000 for year one 
$18,000 for year two 
$18,000 for year three 
Background 
Conservation tillage systems (such as no-till 
or ridge-till) can reduce production costs, soil 
erosion, and contamination of water supplies. 
But producers using these systems remain 
uncertain about fertilizer requirements of crops, 
the value of soil testing, and cost-effective 
methods of fertilizer application. Producers 
may overfertilize or choose the wrong method 
to apply fertilizers. These uncertainties have 
compelled many producers to apply unneeded 
fertilizer and to use the least expensive meth­
ods of fertilization application, which may not 
be environmentally judicious. 
Less mixing of soil and fertilizer occurs with 
the no-till system than with conventional till­
age and no incorporation of crop residue takes 
place. The ridge-till system results in more 
mixing of soil, fertilizer, and residues than the 
no-till system, but mixing occurs several weeks 
after the seedlings emerge. Therefore large 
accumulations of P (phosphorus) and K (po­
tassium) are found in the top 2 to 3 inches of 
soil under conservation tillage systems. 
There is some evidence that banded fertilizer 
applications are more efficient than broadcast 
applications for no-tilled soils. Research in 
Minnesota showed that in ridge-tilled soils, 
even high rates of broadcast-applied K some­
times do not avert K deficiencies in corn. This 
is not surprising because broadcast fertilizers 
are not positionally available for seedlings 
until several weeks after planting when the 
ridges are rebuilt. 
Although observations by Iowa farmers and 
research from other regions seem to show that 
broadcast methods are sometimes less effi­
cient (that is, more fertilizer is needed to obtain 
similar yields), the yield differences may not 
offset higher yield costs. Even if subsurface 
banding does not result in major economic 
benefits for producers, this placement has po­
tential for reducing P contamination of surface 
water supplies. 
The overall goal for this project was to identify 
fertilizer practices that increase profits and 
decrease phosphorus contamination of water 
supplies. Specific objectives were to: 
•	 identify effective placement methods of P 
and K fertilizer for ridge-till and no-till 
systems and 
•	 compare the value of various soil sam­
pling techniques and nutrient analyses of 
young plants as diagnostic tools for evalu­
ating soil fertility under these systems. 
(Detailed tables with grain yields are included 
in the full project report available from the 
Leopold Center on request.) 
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Approaches and methods 
The study began in 1994. Ten (five P and five 
K) long-term trials with no-till corn and soy­
beans were established at five ISU research 
farms. Sites were located at Northeast Iowa 
(Nashua), Northern Iowa (Kanawha), North­
west Iowa (Sutherland), Southwest Iowa 
(Armstrong Farm, Atlantic), and Southeast 
Iowa (Crawfordsville). A corn-soybean rota­
tion was established at each trial by planting 
both crops on adjacent sections of the experi­
mental area each year . Trials were evaluated 
through 1996. 
Twenty-four additional short-term trials (with 
P and K combinations in no-till and ridge-till 
corn were established from 1994 to 1996 in 
cooperating producers’ fields in several re­
gions of the state. Eleven trials were in no-till 
fields and 13 were established in ridge-till 
fields. 
Treatment variables were placement and rates 
of P and K. At the research centers there were 
ten treatments for each P or K trial. The 
treatments were applied for both crops. Eight 
treatments were the combinations of fertilizer 
rates and placements and two were nonfertilized 
controls. The placements were banded with 
the planter, broadcast, and deep banded. The 
rates were defined as 50, 100, and 200 percent 
of the usually recommended maintenance fer­
tilization for the corn-soybean rotation. The 
high rate was applied only to deep-banded and 
broadcast sites because farmers normally do 
not apply such high rates with the planters. The 
planter bands were about 1 inch wide and were 
placed 2 inches to the side and below the seeds. 
The broadcast fertilizer was spread onto the 
soil surface by hand. The deep bands were 
about 1 inch wide and were placed 5 to 6 inches 
below the soil surface and spaced at 30 inches. 
The treatments were applied to corn and soy­
beans each year. 
No-till corn 
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In trials on farmers’ fields, the fertilizers were 
broadcast or deep-banded using placements 
similar to those used in the research centers. 
To reduce the costs and the size of the trials, 
only two fertilizer rates were used. These were 
the rates that applied 50 and 200 percent of the 
maintenance needs. The low rate was useful to 
evaluate fertilizer efficiency and the high rate 
was useful to evaluate maximum response and 
because it is the rate most commonly used by 
producers who fertilize every other year. Soil 
samples were collected from all experimental 
areas before the treatments were applied and 
analyzed for available P and K. Soil samples 
were also collected from selected treatments 
after the harvesting the crops in all fields. Plant 
measurements taken from all fields included 
dry weights of young corn and soybean plants 
(8 to 10 inches tall), P and K uptake, and grain 
yields. 
Results and discussion 
Effects of fertilizer rates and placement on 
grain yields of corn and soybeans 
The study encompassed a wide variety of 
growing conditions. Mean yields for the treat­
ments across sites ranged from 77 to 215 bu/ 
acre of corn and 25 to 72 bu/acre of soybeans. 
Studies of yield responses of both crops at 
research farm and farmers’ fields showed no 
significant differences between the two P fer­




 /acre) and the 




Results for no-till corn for all sites. Phospho­
rus fertilization increased corn grain yields 
significantly at several sites that tested very 
low or low in soil test P, but not at sites that 
tested optimum or above. The yields for the 
No-till soybeans 
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placement treatments did not differ statisti­
cally at any of the 26 trials, although in a few 
cases the band treatments produced slightly 
higher yields. The lack of difference observed 
between the broadcast and deep-band place­
ment was consistent at research farms and 
farmers’ fields. (See table below.) 
The lack of grain yield response at sites with 
soil-test P at optimum levels or above coin­
cides with published results for Iowa fields 
managed with chisel-plow or ridge tillage and 
broadcast fertilization. The results suggest 
that soil-test P stratification, P placement meth­
ods, and sampling depth for P are not major 
issues for no-till Iowa soils and weather condi­
tions similar to those included in this study. 
Yield responses to K fertilization were statis­
tically significant only at five out of 26 trials. 
At two of these sites, the deep-band placement 
produced higher yields than other placements. 
When data from all sites were combined, how­
Little difference was ever, yield responses to both K fertilization
observed between the 
broadcast and deep- and deep-band placement were statistically 
band placement at significant. The finding that significant re­
research farms and sponses to placement occurred in only a few 
farmers’ fields. sites is in contrast with the significance of 
placement in the analysis over sites. This con­
trasting result can be explained by the small 
but frequent yield advantage for deep-band 
placement. The maximum yields were always 
achieved with the lowest rate used. These 
yield responses to fertilization were not ex­
pected because all soils tested optimum or 
higher in soil tests for K (the lowest soil test K-
value was 92 ppm and the highest was 262 
ppm). This advantage of deep-banding K over 
broadcast placement was consistent at research 
farms and farmers’ field sites. 
Results for no-till soybeans for all sites. Phos­
phorus fertilization increased soybean grain 
yields in three soils that tested very low or low 
in P, although yield responses did not occur at 
all at low-testing soils. The P placement 
methods influenced yields significantly at only 
one site, in which the two banded placements 
did not differ and both produced higher yields 
than the broadcast placement. Potassium fer­
tilization increased soybean grain yields sig­
nificantly at two research center sites and no 
differences were observed between placements 
and rates. These responses were not expected 
because most soils tested optimum or higher in 
soil test K. 
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Results for ridge-till corn for all sites. Grain 
yield responses in ridge-till corn experiments 
conducted at producers’ fields (no ridge-till ex­
periment was conducted at the research farms) 
were similar to those for no-till corn. Phospho­
rus fertilization increased corn grain yields sig­
nificantly at three farm sites; one was rated very 
low, one low, and one optimum. There were 
positive trends at other sites that did not reach 
statistical significance. Statistically maximum 
yields were achieved with the lowest rate (28 lb 
P O
5
 /acre) used at all sites. Yields for the P 
placements did not differ at any of the 13 trials. 
The lack of grain yield response at most sites that 
tested optimum or above optimum coincides 
with the published results for Iowa fields man­
aged with chisel-plow or ridge-tillage and broad­
cast fertilization. The results also suggest that 
soil-test P measurements from between the ridges 
may be more important for predicting responses 
than soil-test P measured from the valleys. (See 
figure above.) 
Potassium fertilization increased grain yields of 
ridge-till corn significantly at only two sites, and 
statistically maximum yields were always 
achieved with the lowest rates used. Although 
the placement means over all sites did not differ, 
the deep-band placement produced 6 bu/acre 
more than the broadcast placement. This yield 
difference, although not statistically significant, 
is consistent with results of no-till trials. The 
failure to be significant can be explained by the 
higher yield variation observed with ridge-till 
management. Observations show that yield re­
sponses to deep-banded K were not directly 
related to soil test K, stratification, or differ­
ences in soil test K between ridges and valleys. 
Treatment effects on early growth of no-till 
corn and soybean 
No-till corn: Phosphorus fertilization increased 
early growth of corn at many trials conducted at 
the research centers. Early growth was mea­
sured as the dry weight of plants when they 
averaged 8 to 10 inches tall. The planter-banded 
P increased plant weight more than the other Soil-test P measure-
placements at most sites, but the two banded ments from between 
placements did not differ statistically at some the ridges may be 
sites. Across all 15 sites, plant weights were more important for 
predicting responses
higher when the P fertilizer was banded with than soil-test P 
the planter. Potassium fertilization and place­ measured from the 
ment seldom influenced early growth of no- valleys. 
till corn. This lack of early growth response 
seems reasonable due to the high availabil­
ity of K in the soils. 
At the farmers’ fields, P fertilization in­
creased early corn growth significantly at 
four sites. In 1995 and 1996 when the 
treatments were always applied in the fall, 
the deep-banded placement produced the 
heavier plants. Potassium fertilization and 
placements did not affect early growth of 
corn at these farmers’ fields. 
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No-till soybean:  The P and K fertilization 
treatments seldom influence early growth of 
soybeans at research centers or farmers’ fields. 
Phosphorus fertilization increased early growth 
at one site and potassium fertilization increased 
early growth at two sites but decreased it at 
another site. These results mesh with previous 
reports of placement effects on early growth of 
soybeans grown with conventional tillage. 
Ridge-till corn:  Phosphorus fertilization in­
creased early growth of ridge-till corn signifi­
cantly at only two sites and the responses to 
placements used at these sites were the same. 
Analyses of responses to K fertilization showed 
that it increased early growth at four sites and 
that the deep-banded K performed better than 
the broadcast placement at one site. This result 
for K is in contrast to the results of deep-
banding of K for no-till corn and of deep-
banding of P for ridge-till corn. 
Treatment effects on P and K uptake by no-
till corn and soybeans 
No-till corn:  Phosphorus fertilization in­
creased the P uptake of small plants for most 
sites at research centers or farmers’ fields, and 
there were few differences at any rates. The 
planter-banded P raised P uptake more than 
did other placements at most sites where place­
ment effects were significant. Across all 15 
sites, mean P uptake was highest for the planter-
banded placement and deep-band and broad­
cast placement did not differ in P uptake. 
Potassium fertilization and placement in­
creased K uptake at many sites with the two 
banded placements being more effective than 
broadcasting. In contrast to results for P, the 
higher rates increased K uptake more than the 
lower rates at several sites. It must be remem­
bered that K fertilization and placement sel­
dom increased early growth and decreased it at 
one site. Thus, the results suggest that K 
banding enhances K fertilizer use efficiency, 
but not early growth rates. 
At farmers’ fields, P fertilization increased the 
P uptake by no-till corn at five of the 11 no-till 
sites, and there were few differences at any 
rates. Analyses of data from each site and over 
all sites showed the superiority of deep-banded 
placement in increasing P uptake compared 
Ridge-till soybeans 
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with broadcast placement. K uptake was in­
fluenced by K fertilization and placement more 
frequently and more markedly than was P 
uptake by P fertilization and placement. The 
deep-banded K increased K uptake more than 
broadcast K at all sites where placement ef­
fects were significant. 
No-till soybeans:  The fertilization treatments 
increased the P and K uptake of soybeans 
significantly at only a few of the sites at re­
search centers or farmers’ fields. Small effects 
of P fertilization at many sites, however, yielded 
a significant cumulative effect over all 15 
sites. The two banded methods increased 
early growth more than broadcast fertilization 
did, with planter-banded P generating more P 
uptake than deep-banded P placement. 
Ridge-till corn:  Phosphorus fertilization and 
placement increased the P uptake of ridge-till 
corn at only six of the 13 farm sites. Yet K 
uptake was influenced by K fertilization and 
placement on almost all sites, a marked differ­
ence from responses of P uptake to P fertiliza­
tion and placement. These inconsistent results 
are in contrast to results for no-till corn. This 
difference cannot be explained at this time. 
Conclusions 
The results of intensive soil and plant sam­
pling showed that variability of P and K con­
tents of soils and plants can be extremely high 
in corn and soybean fields under no-till or 
ridge-till management. This high variability 
arises from uneven distribution of fertilizer or 
manures, which is compounded by a lack of or 
minimal mix of fertilizers and manures with 
soil. Producers using no-till or ridge-till man­
agement and interested in improving nutrient 
management of their fields need to pay atten­
tion to the uniform application of fertilizers 
and manures. 
The results showed that some of the perceived 
problems of fertilizer application and soil test 
interpretation did not exist or were minor, 
while others were important. Phosphorus fer­
tilization increased yields of no-till and ridge-
till for both crops in soils with low test values, 
but not in soils testing optimum or above. 
There were no major yield differences among 
P placements for any tillage system or crop. 
Major increases in early crop growth due to 
banding with the planter or deep-banding did 
not translate into increased grain yields. The 
results did show, however, that subsurface 
placements can markedly reduce nutrient P 
accumulation in the soil surface and can poten­
tially decrease contamination of surface water 
supplies. Broadcasting or banding K with the 
planter often (but not always) is an inefficient 
practice for corn grown with no-tillage or 
ridge-tillage. Although differences were not 
observed in all fields, nor were the changes 
always large, deep-banded often increased 
grain yields more than other placements did. 
The advantage of deep-banding K was more 
related to reduced K uptake from shallow soil 
layers during dry periods in June or early July 
than to soil test values. 
Using early crop growth as a measure of 
potential effects of P and K placement on grain 
yields of no-till or ridge-till corn can be mis­
leading in soils that are not extremely deficient 
in these nutrients. Slowed early corn growth, 
the major reason for suspected problems with 
conservation tillage, can be enhanced by band­
ing small amounts of P fertilizer with the 
planter or with deep-banders. But this will 
seldom result in increased yields. The deep 
banding of K, however, will seldom increase 
early growth, but will often increase grain 
yields. Another major conclusion is that cur­
rent soil-test interpretations and fertilizer rec­
ommendations for P based on conventional 
tillage also apply for conservation tillage. 
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Impact of results 
Use of subsurface banding for P (shallow with 
the planter or deep before planting) or deep 
banding for K will not always result in major 
economic benefits for the producers, but will 
not cause major economic losses either. These 
practices are environmentally sound, how­
ever, because they will reduce accumulation 
of nutrients at or near the soil surface, and will 
potentially reduce contamination of surface 
water supplies. 
New questions were raised by this project . For 
example, the clear increases in K uptake by 
deep-banding compared with broadcast fer­
tilization in no-till corn were not found in no-
till soybeans and ridge-till corn. There was no 
apparent reason for this difference. Responses 
to deep-banded K were poorly related to soil-
test K and K stratification and seemed better 
related with deficient rainfall in late spring and 
early summer. Problems also arose with pre­
dicting responses to K in Iowa soils based on 
soil testing. 
For more information, 
contact Antonio P. Results showed that soil sampling depth, an 
Mallarino, Agronomy, oft-mentioned potential problem, is not a prob­
Iowa State University, 
lem in no-till fields if there are an increasedAmes, Iowa 50011; 
 
(515) 294-6200; e-mail number of samples to account for higher spa­
 
apmallar@iastate.edu tial variability. Soil sampling is still a problem 
for the ridge-till system and the results of this 
research were not conclusive, suggesting only 
that ridges should be sampled as opposed to 
inter-ridge areas. The desirability and ex­
penses of such greatly increased sampling are 
also an issue. 
Education and outreach 
Results from this study have been dissemi­
nated through numerous field days, winter 
meetings, popular magazines, and radio pro­
grams in eastern and southern Iowa. Articles 
about the project’s findings appeared in Farm 
Journal, Iowa Farmer Today, the Iowa Farm 
Bureau Spokesman, Successful Farming, and 
the Practical Farmer Newsletter. 
Presentations were made at ISU Extension 
meetings and field days at ISU research farms 
during all three years of the project. Findings 
were incorporated into training about nutrient 
management, precision farming, soil testing, 
and fertilizer placement for Extension staff 
and agribusiness people, producers, and deal­
ers. A session on managing P and K fertiliza­
tion for corn and soybeans was given at a 1996 
symposium held at North Iowa Area Commu­
nity College in Mason City. 
Volume 7 (1998) 58 
